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ABSTRACT
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Don Tucker, Ph.D.

Past research has suggested the potency of imagery
in mediating peripheral skin temperature changes (Maslach,
Marshall & Zimbardo, 1972).

Imagery has also been found to

be a relevant variable in the research area of brain
lateralization (Morgan, McDonald & McDonald, 1971).

The

present study drew these rather divergent lines of research
together by utilizing imagery as the common factor.

This

study investigated the relationship between hemispheric
laterality and autonomic laterality by concomitantly monitor
ing bilateral skin temperature and lateral hemispheric
activation as measured by attentional bias (Kinsbourne,
1970).

In addition, the present study provided a test of

the potency of imaginal strategies in mediating skin temp
erature changes.
A 2 x 2 x 2 factorial design (imaginal strategies x
trait anxiety x sex) was utilized.

Imagery (i.e., relaxing

versus stressful imagery suggestions) was a within-subject
factor.

Since trait anxiety (Tucker, Antes, Stenslie &

Barnhardt, 1978) and sex differences (Tucker, 1976) have
been noted as relevant variables in this area of research,
they were included as between-group factors.
In analyzing mean right and left skin temperature
levels, no significant lateral differences were obtained.

Therefore, the relationship between autonomic and hemis
pheric laterality could not be assessed.

In analyzing the

attentional bias responses, a greater right attentional
bias (i.e., greater left hemisphere activation) was demon
strated across both imagery conditions; these results were
opposite those expected.

However, subjective ratings of

vividness of imagery were found to be predictive of
attentional bias with high vividness of imagery associated
with left attentional bias.

This finding adds empirical

support to the relationship between imagery and right
hemisphere activation.
Imagery was not found to be effective in producing
skin temperature increases and/or decreases.

However, a

significant sex difference was noted with males demonstrating
vasodilation and females demonstrating vasoconstriction.
The results of the study are discussed in terms of
emotions and hemispheric specialization.
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vasodilation and females demonstrating vasoconstriction.
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CHAPTER I
INTRODUCTION AND REVIEW OF THE LITERATURE
Introduction
Imagery has survived the ostracism of the strict
"behavioral orientation and has once again become an accept
able focus of study within the field of psychology (Holt,
1964).

The resulting interest in the role of imagery in

cognitive function has focused on a variety of areas
including styles and structure of imagery (Singer &
Antrobus, 1 9 6 3 ), individual differences in vividness of
images (Marks, 1972), physiological correlates of imagery
(Zikmund, 1 9 7 2 ), the role of imagery in learning and memory
(Pavio, 1969 ), and a host of others.
Gorden (1972) stated that psychotherapists have
also investigated the function and development of imagery.
Within behavior therapy there has been a shift toward the
investigation of the potency of cognitive variables (e.g.,
imagery) in producing therapeutic change.

As a result there

has been an emphasis on the delineation of potent cognitive
strategies which are effective in producing therapeutic
change.

Imagery has been increasingly used in a variety of

therapeutic interventions including systematic desensitiza
tion (Wolpe, 1958), covert sensitization (Cautela, 19 6 7 ),
implosive therapy (Stampfl & Lewis, 19 6 7 ), and hypnosis
1
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(Barber, 1976).

In addition, imagery has been incorporated

into a variety of relaxation techniques including autogenic
relaxation (Luthe, 1963) and deep muscle relaxation (Wolpe &
Lazarus, 1966 ).

Several investigators (Meichenbaum, 1976;

Schwartz, 1975) have concluded that imagery (as related to
self-generated cognitions) is effective in producing change
and making treatment more effective.
The present study draws two rather divergent lines
of research together by utilizing a common relevant vari
able - imagery.

Imagery has been proposed as a potent

mediative variable in producing physiological changes (e.g.,
autonomic changes).

In addition, imagery has been found to

be a relevant variable in the research area of brain later
alization.

For the present study three areas of research

will be reviewed:

(a) effects of imagery upon physiological

processes; (b) hemispheric lateralization; and (c) autonomic
lateralization.
Imagery and Physiological
Processes
Cognitive mediation of physiological changes general
ly has been supported (Barber, 1976).

Several studies

specifically have focused upon the effects of imagery on
physiological processes.

Paul (1969 ) found that there was

an increase in sympathetically mediated responses as a
result of anxiety imagery.

Grossberg and Wilson (Note 1)

also demonstrated an increase in heart rate and skin conduct
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ance in response to imagery.

These studies appear to support

other research (Barber, 1976; Sternbach, 1964) which demon
strated that cognitive activity (e.g., verbal and imaginal
suggestions) does affect physiological processes.
In this regard, the area of biofeedback is also of
interest.

While biofeedback research has shown that control

over previously held autonomic functions can be demonstrated
(Bergman & Johnson, 1972; Fowler & Kimmel, 1962; Shapiro,
Tursky, Gershon & Stern, 1969 ), recent efforts have been
focused on delineating the strategies utilized to produce
this control.

An increasing number of studies (Blizard,

Cowings & Miller, 1975; Giesen & McGlynn, 1977; Schwartz,
Fair, Greenberg, Foran & Klerman, 1975) have suggested that
verbal and/or imaginal strategies have been instrumental in
producing change.

Blizard, et al. demonstrated significant

heart rate increase in response to instructions to imagine
their hands as cool and light.

Giesen and McGlynn monitored

heart rate and skin conductance changes while subjects were
asked to visualize specific scenes.

Schwartz, et al.

monitored EMG facial patterns while subjects generated
affective imagery associated with happy and sad emotions
and noted predictable EMG patterns to the differential
imagery instructions.

Hirschman and Favaro (1977) also

found that high imagery ability as an individual difference
variable was associated with larger magnitude heart rate
increases.
Skin temperature, an autonomic nervous system res

ponse, also has been found to be responsive to the effects
of cognitive mediative strategies.

Skin temperature change

is mediated by sympathetic nervous system response in that
sympathetic activation results in vasoconstriction (conse
quently a decrease in skin temperature) while sympathetic
inhibition results in vasodilation and subsequent skin
temperature increase.
Maslach, Marshall and Zimbardo (1972) noted that
hypnotized subjects were able to produce skin temperature
changes when utilizing imagery.

In another study which

investigated the effects of hypnosis on peripheral skin
temperature, Peters, Lundy and S t e m (1973) concluded that
direct suggestion of hot and cold (i.e., your hand is get
ting hotter as though immersed in a bucket of hot water
versus colder as though immersed in a bucket of ice water)
produced only skin temperature increases.

Similar results

found by Peters and Stern (1973) indicated that skin temp
erature increases were associated with relaxation.

Roberts,

Kewan and MacDonald (1973) found that some subjects produced
significant skin temperature changes with hypnosis and feed
back.
Skin temperature control has been noted in a variety
of studies which utilized biofeedback methods (Keefe, 1975;
Lynch, Hama, Kohn & Miller, 1976; Snyder & Noble, 19 6 8 ;
Taub & Emurian, 1976; Thompson & Russell, 1976).

In post-

hoc questionnaires which looked at the cognitive strategies
utilized to effect changes, it was noted that many subjects
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reported the use of thermal imagery (Libo & Fehmi, 1977;
Surwit, Shapiro & Feld, 1976; Taub & Emurian, 1976).

Two

studies (Sheridan, Boehm, Ward & Jestesen, 1976; Turin,
1977) demonstrated that autogenic suggestion was more
effective than feedback procedures for producing skin temp
erature changes.
While the potency of cognitive mediators is suggest
ed, it is unclear whether imagery itself can produce
significant increases and/or decreases in autonomic processes.
Of the studies in this area several have confounded the
variables of hypnosis, autogenic suggestion and feedback.
Those studies, which have suggested support for the potency
of imaginal strategies, have been based on after-the-fact
self-report.

In addition, while vasoconstriction has been

produced, many studies have been unsuccessful in producing
vasodilation.

Overall, the question of whether imaginal

strategies can produce differential skin temperature changes
remains to be demonstrated.

Since skin temperature control

has been associated with relaxation (Barber, 1976), reduction
of hypertension (Datey, 1976), migraine control (Feuerstein &
Adams, 1977)» and alleviation of Raynaud's symptoms
(Jacobson, Hackett, Surman & Silverberg, 1973). demonstra
tion of the potency of imaginal strategies in producing skin
temperature changes would have clinical significance.
Hemispheric Lateralization
An area of research that appears to offer a frame
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work for the investigation of the potency of cognitive
variables (e.g., imagery) on autonomic functioning is
hemispheric lateralization.

Hemispheric lateralization is

an emerging area of research that has investigated the
differential processing capabilities and styles of the
cerebral hemispheres.

Many research methods have been used

to study left and right hemispheric functioning including
lateral eye movement (Gur, 1975; Schwartz, Davidson & Maer,
1975)> evoked potential (Galin & Ellis, 1975)> dichotic
listening tasks (Kimura, 1961), unilateral stimulus present
ation (Kimura, 1966 ), unilateral brain damage patients
(Lansdell, 1968 ), and bilateral EEG recordings (Morgan,
McDonald & McDonald, 1971).
Research in this area demonstrates that the hemis
pheres are specialized in the processing of different cogni
tive tasks.

Specifically, visual-imagery tasks involve

right hemisphere activation while verbal-numerical tasks
involve left hemisphere activation (Galin & Orstein, 1972;
Morgan, McDonald & McDonald, 1971).

Davidson and Schwartz

(1977) have extended this finding in their demonstration
that self-generation of differential imagery (visual versus
kinesthetic) produces predictable intra-hemisphere EEG
patterns.

It appears that in addition to the specialization

of hemisphere capabilities in regards to the content of
cognitive tasks, there also appears to be differentiation
of the way the hemispheres structurally organize input.
left hemisphere processes information in an analytic

The
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sequential fashion while the right hemisphere processes
information as a gestalt (Bogen, 1969; Levy, 1969).

While

the right hemisphere operates in a nonverbal (visual imagery)
gestalt mode, the left hemisphere operates in a verbal,
analytic mode.
In addition to the differential processing of cogni
tive and perceptual tasks, hemispheric lateralization has
been found to be an important factor in the experiencing of
emotion (Schwartz, Davidson & Maer, 1975)*

In a lateral

eye movement task, Schwartz et al. (1975)» utilizing a
lateral eye movement measure, found that emotional questions
resulted in significantly greater numbers of left eye move
ments indicating right hemisphere activation.

In a study of

recall of emotional responses of brain damaged patients to
stimuli, Wechsler (1973) demonstrated that right hemisphere
damaged patients were significantly more impaired.

Gainotti

(1972) in comparing emotional responses of patients with
unilateral left or right hemisphere lesions found that
right lesioned patients manifested a catastrophic reaction.
In addition, Tucker, Roth, Arneson and Buckingham (1977) in
their examination of the effects of stress upon hemispheric
activation, found more left eye movements during the stress
ful conditions again indicating greater right hemispheric
activation.

Overall, these studies suggest right hemisphere

involvement in the experiencing of emotion.
Another line of research focusing on the interaction
of the hemispheres in the elaboration of emotion has
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suggested that anxiety plays a mediating role in regards to
hemispheric activation (Tucker, Antes, Stenslie & Barnhardt,
1978).

Tucker et al. found that higher levels of anxiety

were associated with more right visual half field errors.
They found also that high trait anxious subjects demon
strated fewer left eye movements and greater right ear
attentional bias.

They concluded that the emotion appears

to involve both hemispheres, a conclusion supported by
several other studies (d'Elia & Perris, 1973; Harman & Ray,
1977)*

In addition, they suggest that the left hemisphere

may have a controlling, inhibiting role in that high trait
anxiety is associated with a shift to left hemisphere activa
tion with possible subsequent overloading of the processing
capabilities.
In addition to the differential role of hemispheric
activation in the elaboration of emotion, sex differences
have been noted.

Buffrey and Gray (1972) argue that later

alization of language functions occurs earlier for females
than males.

On the other hand, Tucker (1976) presents data

which suggests males demonstrate greater hemisphere lateral
ization of cognitive modes.

Davidson and Schwartz (1976 a)

found that females demonstrated greater lateral hemispheric
shifts and hypothesized that they utilized more affective
strategies than males during the feedback task.

Such

research indicates that sex differences are a relevant
variable in hemispheric lateralization research.

9
Autonomic Lateralization
The lateralization framework has been a useful one
with which to account for a variety of cerebral, attentional,
and performance asymmetries.

While a variety of autonomic

asymmetries have been noted, little success has been
achieved in demonstrating any systematic rationale to account
for these asymmetries.

These lateral differences have been

noted in a variety of response systems including salivation
(Abuladze, 1 9 6 3 ), basal skin resistance levels (Bull & Gale,
1975)> and peripheral vasomotor constriction (Galin &
Ornstein, 1972).

Gruzelier (1973) also has found lateral

basal electrodermal differences when comparing schizophrenic
and depressive populations.

Varni (1975) reported condition

ing of asymmetrical electrodermal responses suggesting that
specificity of autonomic responses can be learned.

Lateral

skin temperature differences have also been noted in the
biofeedback literature (Roberts, Kewan & MacDonald, 1973)•
Attempts to relate these differences to handedness have
generally been unsuccessful (Varni, Doerr & Franklin, 1971).
but correspondence between bilateral asymmetries and bi
lateral differences in body perception have been noted (Varni,
Doerr & rVarni, 1975).
Myslobodsky and Rattok (1975) attempted to incor
porate the autonomic differences into the hemispheric
lateralization framework.

Phasic lateral electrodermal

activity was monitored during verbal-numerical versus
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visual-imaginal tasks and greater electrodermal activity
was found contralateral to the hemisphere engaged in the
task (i.e., the electrodermal activity was higher in the
right hand during the verbal task while it was greater in
the left hand during the visual task).

Ketterer and Smith

(1977) in an attempt to corroborate these findings monitored
phasic GRS changes to specific stimulus (i.e., quiet, music,
and verbal paragraphs).

While sex differences were noted,

no relationship between electrodermal activity and task was
demonstrated.
and Rattok.

Thus the study did not replicate Myslobodsky
However, Papsdorf (Note 2) also has found

greater left hand responsivity among females in skin temp
erature to threatening stimuli, which he interpreted as
indicating greater right hemispheric involvement with
emotion.

Diekhoff, Garland, Dansereau and Walker (1978)

also demonstrated task-induced asymmetries utilzing finger
pulse volume.

The finger pulse volume increased on the

side contralateral to the hemisphere required for the
experimental tasks.

Holloway and Parsons (1969 ) noted that

basal skin conductance levels were significantly higher on.
the contralateral side of hemispheric lesions.

Research

with unilateral lesions has demonstrated contralateral
attentional and perceptual deficits (Kinsbourne, 1970).
Taken together, these studies suggest a contralateral
relationship may exist between hemispheric and autonomic
activity.
This research, which has attempted to apply the
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lateral hemispheric framework to the area of autonomic
asymmetries, appears to he a promising way of providing a
coherent rationale for bilateral autonomic differences.
The relationship between hemispheric and autonomic asym
metries is unclear and much more empirical research, as
well as theory, is needed in the area.
at theorizing have been made.

Several attempts

Galin (197^) suggests that

the cerebral specialization may correspond with autonomic
lateral differences (i.e., autonomic variables may reflect
cerebral activity) and even present a more accurate measure
of hemispheric activation than present EEG measures.^"
Galin also speculates about the neurophysiological mechanisms
which account for repression and the unconscious.

He

hypothesizes that some processes of the right hemisphere
appear to parallel some aspects of primary process thinking
and the unconscious.

Since there appears to be less

conscious control over autonomic functions he speculates
that the autonomic nervous system is more closely associated
with the right hemisphere.

Davidson and Schwartz (1976b)

also speculate that the left hemisphere is primarily
associated with voluntary motor response, while the right

^Empirical support for this position was offerred by
Suter, Beatty & Strickler (1977) who noted cerebral vasomotor
asymmetries as a function of differential cognitive tasks.
Suter et a l. monitored skin temperature over the carotid
arteries and noted warmer skin temperature on the right side
during spatial tasks and warmer levels on the left during
verbal tasks.
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hemisphere is associated with somatic, bodily processes
not under voluntary control.

These theorists suggest that

the right hemisphere is more closely associated with the
autonomic nervous system.
The Present Study
Elucidation of the relationship between hemispheric
and autonomic asymmetries would have implications for the
understanding of emotion, cognitive functioning, and perhaps
psychopathology.

The present study examined the effects of

differential imaginal strategies on both bilateral skin
temperature and attentional bias in order to investigate
this relationship.

Since imagery appears to have relevance

to both autonomic activity and hemispheric lateralization,
different imaginal strategies (i.e., relaxing versus stress
ful) were manipulated to investigate their effects on bi
lateral skin temperature and hemispheric lateralization as
measured by a contralateral attentional bias task
(Kinsbourne, 1970).

Attentional bias is a measure of cere

bral activation proposed by Kinsbourne (1970).

Kinsbourne

states that attention is symmetrically represented along
the median plane in man.

Perceptual asymmetries in the

processing of input are a result of hemispheric special
ization and reflect lateral hemispheric activation.

Hemis

pheric activation results in a biasing of attention to the
opposite side.

Thus individuals orient themselves to the

right when processing verbal stimuli and to the left when
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processing spatial stimuli (Kinsbourne, 1972).

A variety

of responses including eye movements, head turning, and
dichotic auditory responses have been used as indicators
of underlying hemispheric activation.
The present study was designed to investigate
lateral hemispheric activation and autonomic responsivity.
In light of the hemispheric lateralization research, it
can be expected that the utilization of imaginal strategies
would involve right hemisphere activation (left attentional
bias).

There has been no empirical research which has

examined lateral skin temperature differences.

Speculation

that the autonomic nervous system, which mediates skin
temperature, may be closely associated with the right
hemisphere (Davidson & Schwartz, 1976b; Galin, 197*0. would
suggest that there would be greater left than right hand
responsivity.

However, Bakan (Note 3) suggested that the

left hemisphere is associated with sympathetic responses
while the right hemisphere is associated with the para
sympathetic response.

Bakan's speculation would suggest that

skin temperature increases would be associated with less
left hemisphere activation while skin temperature decreases
would be associated with greater left hemisphere activation.
Research supporting the potency of imaginal
strategies in producing differential skin temperature change
has been equivocal.

The present study also directly

assessed the effects of manipulating imaginal strategies
(relaxing versus stress) on skin temperature levels.

Since trait anxiety has been supported as a mediat
ing variable in hemispheric lateralization research
(Tucker, Antes, Stenslie & Barnhardt, 1978), a measure of
trait anxiety was included in order to replicate previous
research and assess its effect on autonomic processes.

It

was expected that high trait anxious individuals would
shift from right to left hemispheric activation during the
stressful imagery condition, while low anxious individuals
would not.

It was not clear whether such a shift would

occur in the autonomic response.

No specific hypothesis

was made concerning the effect of sex differences, but
the study was designed to examine sex differences as a
relevant factor.

CHAPTER II
METHOD
General Design
The present study examined the effects of differen
tial imaginal strategies, trait anxiety and sex differences
on bilateral skin temperature and auditory attentional bias
utilizing a 2 x 2 x 2 factorial design,

A within-subject

factor involved the presentation of taped instructions
suggesting either relaxing or stressful images.

One

between-subject factor involved high and low trait anxious
subjects as determined by the Spielberger State-Trait
Anxiety Inventory (Spielberger, Gorsuch & Lushene, 1970).
The other between-subject factor was gender, as equal
numbers of male and female subjects were included.
Two dependent variables were utilized.

The first

measure was the absolute skin temperature taken from both
the right and left index fingers.

The second dependent

measure was a contralateral attentional bias measure which
incorporated the simultaneous presentation of a tone to
both ears.

The subjects were asked to indicate which was

louder by pressing a switch on the corresponding side.

A

right response thus indicated a right attentional bias and
a left response a left attentional bias.
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Subjects
Three hundred and fifty undergraduates from the
University of North Dakota introductory psychology classes
were screened on the Spielberger State-Trait Anxiety Scale.
From this pool, subjects with the highest and lowest trait
scores were telephoned and asked if they would be interested
in participating in further research.

Utilizing this process,

sixty-four subjects (sixteen high trait anxious and sixteen
low trait anxious individuals of each sex) were obtained.
Individuals were screened for handedness (only right handed
subjects were included) and hearing difficulties utilizing
subject self-report.
Setting and Apparatus
A small 7 ’ x 10' dimly lit room, whose location
limited outside distraction, was the setting for the experi
ment.

Subjects were seated in a reclining chair.

A large

one-way mirror in the wall provided the experimenter with a
view of the subjects during the session.

Room temperature

was monitored and maintained at 70° ± 3° Fahrenheit.
A Biofeedback Technology, Inc. (BFT) 301 Feedback
Thermometer was utilized to measure absolute skin temperature
and provided meter output in increments of 0.1°F.

Thermisters

were attached to the palmar side of both the right and left
index finger.
each hand.

A switch allowed successive measurement from
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The instructions for the adaptation, relaxation and
stress conditions were taped along with the auditory
attentional bias tones and were presented via headphones.
The four hundred hertz, fifty-nine decibel tones were of
approximately j? second duration and were recorded simultan
eously on both channels to assure that they would be of equal
loudness.

In order to control for channel differences in the

headphones a counterbalancing procedure was used across
conditions.

Subjects responded to the tone loudness judge

ment task by pressing a microswitch on the chair side corres
ponding with the louder tone.
Procedure
Upon arrival each subject was seated in the reclining
chair and informed that the study focused on the effects of
imagery on skin temperature.

The skin temperature ther-

misters were attached and the tone loudness response
switches were pointed out.

Subjects were asked to get com

fortable and remain as motionless as possible and that
further instructions would be received through the head
phones.

Subjects were then asked if they had any questions,

and subsequently headphones were placed according to the
counterbalanced procedures described earlier.

(See Appendix

A for a summary of the instructions.)
Following placement of the headphones, the experi
menter left the room and subsequent instructions were given
through the headphones.

Subjects were instructed as to the

18
tone judgement task and three practice trials were given
to determine if the procedure was understood.

The subjects

received ten minutes of general relaxation instructions.
Tones were periodically presented and judgement responses
were recorded.

Skin temperature measurements from both the

right and left hands were also taken every thirty seconds
following the tone judgement responses.

Four additional

bilateral skin temperature measurements were recorded while
the relaxation instructions were completed.

Overall,

twelve tone judgements and sixteen bilateral skin tempera
ture measurements were taken.

(See Appendix B for tran

script of instructions.)
Each subject completed a thirty-five minute session
consisting of an adaptation period, a relaxation period and
a stress period.

The order of presentation of the relaxa

tion and stress periods was counterbalanced across sex and
trait groups.
Relaxation Period
Four different imaginal scenes were introduced and
subjects were encouraged to visualize these scenes to promote
relaxation.

The suggested scenes included sunbathing,

drifting on a raft, lying on a large pillow and walking
through the forest.

For exact transcript see Appendix B.

A new scene was introduced every minute.

The first tone

was presented twenty seconds after the scene was introduced
and every twenty seconds thereafter.

Tone judgement
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responses again were recorded followed by skin temperature
measurements.

Following completion of the period, the

experimenter asked each subject to rate the overall vivid
ness of the imagery and the level of relaxation for that
period on a seven point scale.
Stress Period
The same procedure as utilized in the relaxation
period was followed.

Four stressful scenes were introduced

and subjects were encouraged to visualize the scenes in
order to experience as much stress as possible.

The

suggested scenes included driving in a blizzard, a car
accident, an encounter with snakes, and walking alone in an
unfamilar city.

Following completion of the period, subjects

were asked to again rate the vividness of the imagery and
level of stress experienced.

CHAPTER III
RESULTS
In order to determine if the screening procedure
was effective in obtaining high and low trait anxiety
groups, means were computed for the high and low trait
anxiety conditions (Table 1).

A 2 x 2 analysis of

variance (sex x trait) was performed on the trait anxiety
scores and a significant trait difference was obtained
between the high and low trait anxiety groups, F (1, 60) =
240.042, p = .0001 (Table 2).

In addition, the sex factor

approached significance at the .05 level with females
having higher trait anxiety scores (F (1, 60) = 3-98, p =
.051).
Table 1
Means and Standard Deviations for Trait Anxiety Scores
Group

Mean

SD

Total

4-1.03

12.48

Female

42.09

12 .3 6

Male

39.97

12.70

High Trait

52.66

5.63

Low Trait

29.41

2.42

20

21

Table 2
Summary ANOVA for Trait Anxiety Scores
Source

df

MS

F

P

Sex

1

72.25

3.98

1—
1
0

Trait

1

4360.63

240.02

.000

Sex x Trait

1

.56

.03

.860

60

18.17

Within

Skin Temperature
Measurements
No consistent trial by condition trends were noted,
therefore the average temperature for right and left hand
recordings were computed across the trials on each of the
adaptation, relaxation and stress conditions.

(See Table 12,

Appendix C for right and left skin temperature levels
across trials).

The means and standard deviations for the

skin temperature data are presented in Table 3-

(See

Table 13, Appendix C for individual skin temperature levels).
A 2 x 2 analysis of variance was performed on both
right and left adaptation skin temperature levels to deter
mine if there were any baseline differences between groups
(Table 4).
For the baseline skin temperature levels, no
significant group differences were noted for either the
right or left hand.
A 3 x 2 x 2 x 2

(conditions x sex x trait x hand)
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analysis of variance was performed to examine the presence
of significant lateral skin temperature differences (Table

5 ).
Table 3
Means and Standard Deviations for Right and Left
Skin Temperature in Degrees Fahrenheit for
Adaptation, Relaxation and Stress Conditions by Group
Group
Total

Right
Left

High Trait

Right
Left

Low Trait

Right
Left

Female

Right
Left

Male

Right
Left

Mean
SD
Mean
SD
Mean
SD
Mean
SD
Mean
SD
Mean
SD
Mean
SD
Mean
SD
Mean
SD
Mean
SD

Adaptation

Relaxation

Stress

8 0 . 4-1
7.83
79.82
7.88
8 1 . 4-2
7.40
81.13
7.19
79.40
8.22
78.52
8.43
79.70
8.17
78.66
7.87
81.12
7.53
80.98
7. 84

80.31
8.16
79.55
8.21
81.06
7.77
80.77
7.66
79.56
8.59
78.32
8.68
79.08
8. 04
77.82
7.51
81. 54
8.23
81.28
8 .63

80.23
8.20
79.71
8.45
81.11
7.75
80.87
7.92
79.34
8.65
78. 54
8.92
78.83
8.11
77.84
7.97
81. 62
8.17
81.57
8.63

While Table 3 indicates that the right hand was
consistently warmer than the left, the differences did
not reach significance, F (1, 60) = 2.5b, £ = .12.

No

significant main effects or interactions were demonstrated
for absolute skin temperature levels.
In order to investigate the potency of imaginal
strategies on skin temperature, change scores were computed
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by subtracting the skin temperature levels during the
relaxation and stress periods from those obtained during
the adaptation period.

The means and standard deviations

of the change scores are presented in Table 6.
Table 4
Summary ANOVA for Mean Skin Temperature
Adaptation Scores
Source

df

Right Hand
Sex
Trait
Sex x Trait
Within
Le ft Hand
Sex
Trait
Sex x Trait
Within

A 2 x 2 x 2 x 2

1
1
1
60
1
1
1
60

MS

32.15

F

•52

65.56

1.06

36.75

.59

85.92

1.39

62.08
109.22

1.75
61.93

1.76

.03

P
.48
.31
.45
.24
.19
.87

analysis of variance (condition x sex

x trait x hand) was performed but no significant main effects
or interactions were obtained (See Table 14, Appendix C
for summary ANOVA).

However, the sex factor and the sex

x trait interaction did approach significance, F (l, 60) =
3*05. E. = .09 and F (1, 60) = 3*00, E = .09, respectively.
In order to determine if the difference in trait scores
between males and females (see
variable, a 2 x 2 x 2 x 2

Table 2) was a mediating

(condition x sex x trait x hand)

analysis of covariance, utilizing the trait anxiety score
as a covariate, was performed (Table 7).
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Table 5
Summary ANOYA for Absolute
Skin Temperature Levels
Source

df

1
Sex (A)
1
Trait (B)
1
A x B
60
Within
Condition (C)
2
2
A x C
2
B x C
A x B x C
2
Condition x Within 120
Hand (D)
1
A x D
1
B x D
1
A x B x D
1
60
Hand x Within
C x D
2
A x C x D
2
B x C x D
2
A x B x C x D
2
120
C x D x Within

MS

F

699.58
428.21
290.34
359.10
1.31
16.83
1.08
18.65
7.52
37.69
22.38
11.45
17.05
15.06
.50
.01

1.95
1.19
.81

.17
028
.37

.17
2.28
.14
2.48

>.50
.11
>.50
.09

2.50
1.49
.76
1.13

.12
•23
.39
.29

.93
.02
.67
1.24

.40
>.50
>.50
.29

.36
.66
.53

P

Again, no significant main effect for the relaxa
tion versus stress condition was obtained, F (1, 60) = .02,
p > .5 0 , indicating that the differential imagery conditions
had little effect in producing skin temperature changes.
However, the sex factor was significant, F (1, 60 ) = 4.05*
p = .0 5 , with females demonstrating skin temperature de
creases (vasoconstriction) while males demonstrated skin
temperature increases (vasodilation).

No other significant

main effects or interactions were noted.

25
Table 6
Means and Standard Deviations for Right and
Left Skin Temperature Change Scores in
Degrees Fahrenheit
Group
Total

Hand
Right
Left

Female

Right
Left

Male

Right
Left

High Trait

Right
Left

Low Trait

Right
Left

Mean
SD
Mean
SD
Mean
SD
Mean
SD
Mean
SD
Mean
SD
Mean
SD
Mean
SD
Mean
SD
Mean
SD

Relaxation

Stress

.10
3.35
.27
3-31
.63
3.59
,8b
3.29
-.bZ

.18
2.80
.12

3.16

-.30
3-27
.36
3.11
.35
. 3.55

.87
2.30
.82
2.71
-.50
3.10
-.59
3.^6
.31
2.8^
.25
3.17

.19
3.10

2.79
-.02
3.20

3.06

-.16
3.61

.06

Tone Judgement
Responses
In order to analyze the attentional bias responses,
the mean difference between right and left responses was
computed for the adaptation, relaxation, and stress condi
tions.

(See Table 13i Appendix C for individual tone judge

ment differences).

The means and standard deviations for

each factor are presented in Table 8.
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Table 7
Summary ANCOVA for Skin Temperature Change
From Adaptation Period with Trait
Anxiety as the Covariate
Source

df

MS

F

Sex (A)
Trait (B)
A x B
Covariate
Within
Condition (C)
A x C
B x C
A x B x C
C x Within
Hand (D )
A x D
B x D
A x B x D
D x Within
C x D
A x C x D
B x C x D
A x B x C x D
C x D x Within

1
1
1
1

126.69
55.26
91.50
49.10
31.29

4.05
1.77
2.93
1.57

.05
.19
.09

.08

.02

1.52

•34

59

1
1
1
1
60
1

.11

.02

5.73
4.52

1.27
.08
.02
.29
2.12

>.50
>.50
>.50
.15

2.13
.03
1.21
.00

.15
>.50
.28
>.50

.04
.54
3.96
1.88
.94
.01
•54
.00
.44

60

1
1
1
1

60

.22

>.50
>.50
>.50
.27

.16

1
1
1

P

A positive score indicates a right attentional bias
(greater number of right responses) while a negative score
indicates left attentional bias.
A 2 x 2 x 2 (conditions x sex x trait) analysis of
variance was performed on the tone difference scores and
resulted in a significant conditions effect, F (2, 120) =
3.14, £ = .05 (See Table 9).

T-tests between the adapta

tion, relaxation and stress conditions indicated significant
ly more right attentional bias during the relaxation and
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stress conditions than during the adaptation condition,
t (6 3 ) = -2 .06 , p = .04, t (63 ) = -2.41, £ = .02, res
pectively, while no difference was noted between the relaxa
tion and stress conditions, t (6 3 ) = -.02, £ = .98 .

No

other main effects or interactions were significant.
Table 8
Means and Standard Deviations for Tone
Judgement Differences for Sex and Trait
Anxiety Groups Across Conditions

Adaptation
Total
Female
Male
High Trait
Low Trait

Mean
SD
Mean
SD
Mean
SD
Mean
SD
Mean
SD

.36

6.62
-.06

6.71
.78

6.61

.53
5.44
.19
7.71

Conditions
Relaxation
1.69
6.50
1.25
6.18
2.13
6.87
1.50
5.95
1.88
7.09

Stress

1.70
6.93
.88
6.72
2.53
7.15

2.69

5.89
.72
7.81

The results of the analysis of variance indicated
the presence of a right attentional bias rather than the
hypothesized left attentional bias.

A multiple regression,

predicting tone differences from a variety of variables
(sex, trait score and vividness of imagery rating) was
performed and the results are presented in Table 10.
The results demonstrated that the vividness of
imagery rating, following both the imagery conditions,- was
a significant predictor of the tone differences during the
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corresponding period (F (1, 60) = 3*92, p = .05, F (1, 60) =
4.37, p = .04).

Significant correlations were obtained

between the tone differences and the rating of imageryvividness corresponding with the relaxation and stress
conditions, r (64) = -.24, p = .03, and r (64) = -.27,
p = .023, respectively.
Table 9
Summary ANOVA for Tone Judgement Differences
Source

df

MS

F

P

Trait (A)

1

20.02

.19

>.50

Sex (B)

1

60.75

.56

.46

Trait x Sex (A x B)

1

266.02

2.45

.12

60

108.43

Condition (C)

2

38.08

3.03

.05

A x C

2

23.07

1.83

.17

B x C

2

3-39

.27

>.50

A x B x C

2

14.76

1.17

•31

120

12.59

Within

C x Within

High vividness of imagery during the relaxation and
stress conditions was associated with a left attentional
bias.

This observation is in accordance with the hypothesis

that imagery involves right hemisphere activity.

As can be

seen in Table 8, the variance of the tone judgement responses
was large.

Upon inspection of individual tone judgement

responses, it appears there may have been a headphone channel
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"bias in spite of the procedures to assure equal loudness
of the tones.

The counterbalancing procedure equalized

the biasing effect across experimental conditions, but
such an effect would add error variance and account for the
large variance in the tone judgement measure.
Table 10
Summary Multiple Regression for
Tone Differences During
Relaxation and Stress Conditions
beta

Source

df

MS

F

p

Relaxation
Sex
Trait anxiety score
Imagery rating
Within

.09
.01
-.25

1
1
1

60

20.77
.08
162.17
41.37

3.92

.05

42.47
35.87
199.06
45.52

.93
.79
4.37

.04

.50
.00

Stress
Sex
Trait anxiety score
Imagery rating
Within

.12
.11
-.26

1
1
1

60

Relationships Between
Dependent Measures
Since significant lateral skin temperature differ
ences were not demonstrated, subsequent analysis of the
correspondance between hemispheric and autonomic laterality
was not performed.

Yet, in order to analyze the relation

ships between the dependent measures, correlations were
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computed and are presented in Table 11.
Inspection of Table 11 tended to support the lack
of correspondence between the skin temperature and attentional measures, as there were significant correlations among
the attentional bias measures and the skin temperature
measures but only one significant correlation was obtained
between the skin temperature and attentional bias measures.
The tone difference during the relaxation condition was
significantly correlated with the skin temperature change
from the adaptation to the relaxation condition, r (6^) =
.23, £ = .03.

Greater vasoconstriction was associated with

a shift toward left hemisphere activation.

Table 11
Mean Correlations among Dependent Measures

Temperature

Tone Difference
Adapt.
Tone Differences
Adaptation
Relaxation
Stress

1.00

Temperature s
Adaptation
Relaxation
Stress
Temperature Change
from Adaptation:
Relaxation
Stress
***
**
*

significant at .001
significant at .01
significant at .05

Relax.

.69***

1.00

Stress

Temperature
Change from
Adaptation

Adapt.

.78 *** - . 1 2
.6?*** -.09
1.00
-.09

1.00

Relax.

Stress

-.18
-.18
-.16

-.15
-.14
-.14

.92***

1.00

Relax.

.16
.23*

.18

.93 *** . 1 1
.97*** -.30**
1.00
-.17

1.00

Stress

.12
.16
.15

.01
-.30**
-.35**

,77 ***

1.00

\

CHAPTER IV
DISCUSSION
The results of the research which has investigated
the effects of cognitive mediation (e.g., imagery) on skin
temperature have been equivocal, with several studies
suggesting the potency of imagery in producing skin tempera
ture change (Libo & Fehmi, 1977; Sheridan, Boehm, Ward &
Jestesen, 1976; Thompson & Russell, 1 9 7 6 ), and others
finding no significant increases and/or decreases (Peters,
Lundy & Stern, 1973; Peters & Stem, 1973)*

The present

study, which specifically addressed this issue failed to
produce any significant skin temperature changes as a
function of differential imaginal strategies.
However, a significant sex difference was noted
with females demonstrating vasoconstriction and males demon
strating vasodilation in response to the experimental
conditions.

Sex differences have been noted in skin tempera

ture research (Fotopoulos, Cook & Larsen, 1976; Sheridan,
Boehm, Ward & Jestesen, 1976), with males demonstrating higher
skin temperature levels than females.
found in the present study.

Such a trend was also

Davidson and Schwartz (1976a),

in a heart rate control task, reported that males and females
differed in their cognitive strategies (i.e., females
32
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utilized a more affective strategy).

Such differences were

not assessed in the present study, hut may he relevant to
the results.

Emotional stress is mediated hy sympathetic

activation and results in peripheral vasoconstriction.
Therefore, if females relied on more affective strategies
in producing skin temperature changes, relatively greater
vasoconstriction across conditions could he predicted.
In the results of the lateral skin temperature
measures, no significant differences were demonstrated,
although the right hand was consistently warmer than the
left.

However, an interesting relationship was suggested

between handedness and higher skin temperature levels when
data from six left handed subjects who.were excluded from
the original subject pool was analyzed (see Appendix C,
Table 15).

While right handed subjects consistently demon

strated higher right hand temperature, left handed subjects
demonstrated warmer left hand temperatures.

More research

is needed to clarify this suggested relationship between
skin temperature levels and handedness.
While no significant lateral skin temperature differ
ences were demonstrated, the dichotic tone judgement task
did indicate a shift toward greater right attentional bias
(left hemispheric activation) during both the relaxation and
stress conditions.

However, it had been hypothesized on the

basis of past research (Morgan, McDonald & McDonald, 1971;
Robbins & McAdam, 197*0, that the generation of imagery
(either relaxing or stressful) would be associated with

3^
greater left attentional bias (right hemisphere activation).
Analysis of the self-report measure of vividness of imagery
did provide support for the relationship between imagery and
left attentional bias.

Vividness of imagery was a significant

predictor of attentional bias, and high vividness of imagery
was associated with a greater left attentional bias.
Although vivid imagery was predictive of a left
attentional bias, overall a general right attentional bias
was observed in the present study.

A similar finding was

also reported by Shearer (Note k) who utilized the same
dichotic tone judgement task as an indicator of attentional
bias.

In both studies subjects were asked to engage in

specific tasks in addition to the tone judgement task.

In

analyzing the results, the experimental conditions were not
significant predictors of attentional bias, while subjective
self-reports were significant predictors.

The general right

attentional bias may be inherent in the dichotic tone judge
ment task since it may result in an analytic determination
of which tone is louder.

Past research indicates an analytic

processing strategy involves left hemisphere activation
(Bogen, 1969; Levy, 1969 ).

Therefore, the hemispheric effects

of the imagery tasks appear to have been confounded by
possible right attentional predisposition of the tone judge
ment task.

Only when the imagery was analyzed did the

hypothesized relationships appear (i.e., right hemisphere
activation during imagery).

The suspected confounding effects

of the tone judgement tasks were spontaneously reported by
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several subjects who stated it was difficult to maintain
the imagery when the tones were presented.
In light of the predictiveness of the imagery
ratings, it appears that those subjects who were able to
focus on the imagery demonstrated the predicted left
attentional bias.

The tone judgement task may have been

overly intrusive and more potent than imagery for those
subjects reporting low vividness of imagery.

These results

suggest the importance of obtaining subject self-report
measures which may be as potent predictors of the dependent
variables as the independent experimental manipulations.
The results of both the present study and a similar
study by Shearer (Note 4) indicate that trait anxiety does
not differentially affect hemispheric activation.

No

relationship was found between trait anxiety and hemispheric
activation as was reported by Tucker, Antes, Stenslie and
Barnhardt (1978).

However, differences in methodological

procedures may account for these paradoxical results, as
the Tucker et al. study utilized a more thorough attentional
bias method (i.e., 100 tone judgements) which varied the
intensity of the tones presented.

Such procedures were not

incorporated into the present study or the Shearer study.
While the mediating effects of trait anxiety are somewhat
inconclusive, the present study may be relevant to several
studies which suggest a relationship between imagery and
depression (Burtle, Note 6; d'Elia & Perris, 1973; Tucker,
Roth & Shearer, Note 5)-

In a study by Tucker et al. subjects
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in a hypnotically induced depressive state demonstrated a
right attentional bias which was also associated with a lack
of imagery.

They concluded that depression may he associated

with left hemisphere inhibition of right hemisphere activity
(e.g., imagery).

Burtle (Note 6) has also found that

depression is accompanied by a lack of imagery and that
imagery training appears to help alleviate depressive symptoms.
Future research which monitors hemispheric activation of
depressive patients and the mediating role of imagery appears
to be warranted.
Finally, the present study did examine the relation
ship between imagery and lateral hemisphere activation.

While

the lateralization research has found right hemisphere
involvement in visual-spatial tasks, the relationship between
imagery and right hemisphere activation has received less
empirical documentation than generally assumed in the litera
ture.

The major empirical evidence for right hemisphere

involvement as a result of imagery is based on three studies:
(a) Morgan, McDonald & McDonald (1971); (b) Schwartz,
Davidson and Maer (1975); and (c) Bakan (1971)-

Morgan et al.

presented the most substantial data in utilizing EEG alpha
measures as an index of lateral hemispheric activation.

While

greater right alpha ratios (indicating left hemisphere
activation) were demonstrated for both the verbal and spatial
(e.g., picture this scene) tasks, relatively less right alpha
was found during the spatial task.

Schwartz et al. utilizing

lateral eye movement, also found relatively less left hemis
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phere activation in response to specific questions requiring
imagery.

On the basis of relatively less left hemisphere

activation during spatial/imagery tasks, both studies
concluded that right hemisphere activation is associated
with an imagery mode.

Bakan found that left eye movers

(i.e., subjects responding with a greater number of left
eye movements) reported higher vividness of imagery and
suggested that imagery was associated with right hemis
phere activation, even though the sample size and the
reported relationship were small.

The present results do

add needed empirical support for the relationship between
imagery and right hemisphere activation.
Overall, the present study did not demonstrate any
significant lateral skin temperature differences, although
a relationship between handedness and skin temperature
was suggested.

The importance of self-report ratings was

noted as was the possible confounding effects of the
attentional bias measure.

Finally, a major contribution of

this study is the empirical support for the relationship
between imagery and right hemisphere activation.

Singer and

Antrobus (1 9 6 3 ) have suggested that imagery and related
psychological processes (e.g., dreaming) are important to
psychological adjustment.

In addition, imagery has been

found to be an important modality for many forms of psycho
therapy.

The present findings of right hemisphere involve

ment with imagery suggest that this cognitive function may
involve greater relative activation of the right half of the

38
brain than verbalization.

Future research which investigates

this relationship may have implications for a better under
standing of cognitive functioning, psychological adjustment,
and psychotherapy.

APPENDIX A
GENERAL INSTRUCTIONS

GENERAL INSTRUCTIONS
Please be seated. This study is investigating the
relationship between imagery and skin temperature. I am
going to attach these thermisters to your index fingers
in order to measure skin temperature. You will be asked to
imagine several scenes and during this time skin temperature
will be monitored.
In addition to the imagery instructions, tones will
be presented simultaneously to both ears through the head
phones. Sometimes the tones will be louder on the right
side and sometimes on the left. You are to judge which
side is louder and press the switch located on the corres
ponding side of the chair. Since movement changes skin
temperature, please use your little finger to press the
switch. Do not worry about whether you are right or wrong,
but just go with your initial impression.
Now please get comfortable and remain motionless
during the study. I will be putting on the headphones and
you will be receiving further instructions. Are there any
questions?

*J-0

APPENDIX B
INSTRUCTIONS FOR ADAPTATION, RELAXATION,
AND STRESS CONDITIONS

^2
ADAPTATION PERIOD
During this part of the experiment we would like you
to get comfortable, and remain quiet with your eyes closed.
You will occassionally hear a tone presented to both ears
through the headphones like this (present tone). If the
tone sounds louder in the right ear push the button with
your right index finger. If it sounds louder in the left
ear, push the button on the left side of the chair. While
some tones will be noticeably louder in one ear, for other
tones it will be hard to tell which ear is louder. Since
you will be doing other tasks during the experiment, just
push the button on whichever side sounds louder so the tone
doesn't disrupt your performance on other tasks. Do not
worry about whether your response is right or wrong, just
push the button with your first impression of which side
is louder and continue with the main task. Try these
examples.
(3 tones)
Now I would like you to listen to the following instruc
tions and to become comfortable while the skin temperature
equipment is calibrated. During this period, tones will be
presented and you are to respond to whichever side is louder.
Now sit back and find a comfortable position. Stretch
out in the chair and relax. With each breath you feel calm
and relaxed. As you continue breathing slowly and deeply
you begin to feel calm and relaxed. Focus your attention
on different parts of your body starting with your feet.
If you notice any tension, continue breathing deeply and let
the tension slowly fade as you become relaxed. As each
body part is mentioned, direct your attention to any tension
present and feel the tension slowly diminish with each
breath - ankles, thighs, buttocks, stomach, hands, arms,
shoulders, chest, neck, jaw, forehead. With each breath
you become more relaxed, comfortable, calm. Let the tension
fade. Feel comfortable and relaxed.
In a moment, you will receive further instructions.
RELAXATION PERIOD
In just a minute you will be hearing several scenes
which may suggest visual images. Try to let the images
happen without interfering with them. Many people find that
visual images are helpful when relaxing. In the next few
minutes we would like you to allow yourself to use visual
images to experience as much mental and physical relaxation
as possible. We realize that the scenes alone are not
sufficient to make yourself relax, however, you can use each
scene as a stimulus for your own images to help you relax.

^3
Feel free to associate with your own images of relaxation.
Let yourself experience the relaxation of the images. Again,
continue to judge the loudness of the tone, "but do not let
this task interrupt the images of relaxation. Allow your
self to go with the images associated with the suggested
scenes. We will begin in just a moment.
First Scene: visualize yourself on a raft floating
gently on the lake, with a soft breeze, the waves slowly,
rhythmically moving the raft.
Second Scene: visualize yourself slowly lying down on
a goose-down mattress. Feel the cushion against your back
as you sink slowly into the feathers.
Third Scene: imagine yourself standing in a wooded
area, early on a summer morning. Quiet, peaceful with only
the sound of a brook in the background.
Fourth Scene: visualize yourself on a warm, sandy
beach, lying on a towel. The sun is bright. You're
hearing noises of waves in the distance.
In a moment, you will receive further instructions.
STRESS PERIOD
In just a minute you will be hearing several scenes
which may suggest visual images. Try to let the images
happen without interfering with them. Many people find that
visual images heighten their emotional experiences. In the
next few minutes we would like you to allow yourself to use
visual images to experience as much stressful emotion as
possible. We realize that the suggested scenes alone are
not sufficient to make you fearful, however, you can use
each scene as a stimulus for your own images which will
increase your arousal. Feel free to associate with your
own stressful images. Continue to judge the loudness of
the tone, but do not let this task interrupt the images.
Allow yourself to go with the images associated with the
suggested scenes. We will begin in just one moment.
First Scene: visualize yourself driving a car and you
are going fast because you are in a hurry. Suddenly a child
runs in front of you and you realize you cannot stop. Every
thing is going in slow motion and you are unable to stop.
Second Scene: visualize yourself walking alone in an
unfamiliar city looking for an address. The streets are
deserted and you hear footsteps behind you. As you quicken
your pace so do the footsteps behind you.
Third Scene: visualize yourself alone, driving into
town during a blizzard when your car stalls. You have not
seen any cars and the wind is whipping against your car, which
won’t start. You are miles from the nearest help.
Fourth Scene: visualize yourself walking along a path
in rocky country when you stumble and fall. Your ankle is
twisted and you hear a rattlesnake and see it is ready to

i+4
strike. When you move you realize that several other snakes
are near.
In a moment, you will receive further instructions.

APPENDIX C
ADDITIONAL DATA
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Table 12
Right and Left Skin Temperature Levels Across Trials
by Adaptation, Relaxation, and Stress Conditions

Trials

1
2
3
i+
5

6

7

8

Adaptation
Right
Left

Relaxation
Right
Left

Stress
Right
Left

79.08
79.22
79.^1
79.6 0
79.89

80 .1+2
80.36

80.35

80.22

80.39
80.57

9

80.78

11
12
13
li+
15

80.87
80.96
81.05
81.09
81.13
81.15
81.15

10

16

78.76
78.76
78.96
79.02
79.38
79.68
79.7^
79.8 5

80.10
80.18

80.30
80.35
80.1+1+
80.5^
80.52
80.57

80.33
80.23
80.23
80.29

80.30

80.31

80.33
80 .31+
80.31
80.27

79.75
79.65
79.61
79.52
79. ^
79.^7
79.51
79.51
79.51
79.55
79.55
79.52

80.30
80 .21+
80.23
80.20
80.23
80.25

80.21

80.23
80.13
80.11+
80.21

79.90
79.82
79.75
79.7lJ79.68
79.69
79.73
79.72
79.70
79.61+
79.58
79.5^
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Table 13
Individual Right and Left Skin Temperature
Means and Tone Judgement Differences for
Adaptation, Relaxation, and Stress Conditions
Adaptation
Relaxation
Stress
Temp.
Temp.
Temp.
Subject Right Left Tone Right Left Tone Right Left Tone

1
2

71.54 72.39

3
4
5

89.78 92.51
87.68 86.04
85.56 78.51
67.73 67.44
82.46 80.81
86.36 86.11
90.19 89.87
88.87 88.62
80.96 80.93
88.53 89.89
77.08 74.54
68.71 69.01
67.49 66.84
66.81 66.24
88.26 88.31
73.03 73.76
76.76 73.63
90.38 89.19
74.30 80.28
78.26 74.80
73.60 72.54
86.69 86.73
92.11 83.79
76.25 76.88
87.16 81.69
79.14 75.06
71.11 71.30
74.61 72.44
68.34 69 .IO
73.72 72.73
69.57 69.01
87.88 87.10
85.16 85.98
79.78 78.00
71.89 77.78
87.09 92.83

6

7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

26

27
28
29
30
31
32
33
34
35
36
37
38

86.78 85.22

6
10
- 2
12
2
- 6
0
4
6
- 6
6
- 2
6

0
10
- 4
-12
- 6
0
-10
12
- 8
- 6
4
- 4
0
- 2
- 8
-12
4
2
2
8
2
- 8
0
8
2

71.77
86.37
89.58
78.49

86.78

67.73
84.90
86.21
89.99
82.48
78.48
81.48
74.56

68.87
67.29
66.77
86.27
71.16
73.61

87.89
71.89

80.63
69.78
86.47
91.02
80.68

88.06
87.05
69.91
73.83
67.78

82.69
65.02
87.81
87.00
8 5 .66
74.73
88.08

72.10

6
8
- 2
12
2
- 6

84.12
91.83
77.23
80.59
67.43
82.60
0
0
86.03
0
89.43
0
83.69
77.81
4
81.65
2
71.39 - 2
68.91 - 6
66.63 10
66 .38 - 2
86.44 - 8
72.55 - 4
70.06
2
86.46 10
76.85 12
74.52 - 6
4
69.58
84.20
6
6
88.23
86.30
2
2
82.93
80.88 -10
69.95 - 6
72.06 12
68.16
2
6
77.19
6
64 .67
2
87.56
88.36 - 4
82.16 - 4
86.73 10
93.13 - 6

71.64 72.27
85-80 83.64
90.00 92.50
82.38 80.93
84.32 81.07
67.71 67.54
85.67 83.21
85.24 84.39
88.98 88.37
87.42 87.32
76.32 74.73
85.15 86.6l
76.71 75.04
68.83 68.93
67.18 66.39
66 .80 66.19
87.76 86.14
71.81 72.39
71.79 69.07
89.18 88.03
73.77 79.77
74.94 69.68
70.96 70.16
86.05 84.03
90.02 86.11
8 3 .ll 84.88
88.56 84.56
80.10 74.93
69.13 69.36
72.95 71.71
67.70 67.93
74.72 73.02
66.51 66 .38
87.61 88.17
87.83 86.77
83.03 80.41
78.25 86.29
87.16 93.03

8
8
- 2
12
8
- 4
6
0
8
22
2
0
0
4
- 4
- 8
-10
- 6
-12
12
- 8
8
10
- 4
- 4
2
-10
- 4
6
2
4
0
- 2
- 2
4
12
4
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Adaptation
Temp.
Suh.iect Right Left Tone
74.18 76.28
4
39
40
81.38 82.06
2
4-1
77.62 77.58
0
42
4
83.83 84.39
70.66 70.13 -10
43
44
91.28 90.28
4
80.39 81.61 - 2
45
46
2
91.31 90.30
47
69.98 70.64
2
48
86 .56 86.36
6
49
82.27 86.11 -12
50
92.61 92.10
4
73.24 70.74
0
51
52
80.36 83.02 - 6
72.90 74.29
4
53
54
4
74.29 73.68
55
82.53 83.38 12
56
85.21 91.24 -10
57
2
86.75 87.44
58
91.20 90 .26 ,-12
6
59
68.71 67.64
60
86.20 80.08
3
61
87.41 88.96
0
62
87.46 8I .30 -12
8
63
69.13 68 .56
64
87.01 72.26 10

Relaxation
Temp.
Right Left
71.32 72.44
83.12 83.29
72.43 73.16
88.22 88.38
70.96 70.88
90.96 89.90
84.20 85.23
89.91 91.01
68.85 68.89
85.44 86.48
87.23 89.20
92.68 91.50
82.53 78.58
81.99 81.73
73.57 73.04
72.32 71.51
79.11 78.63
87.29 93.88
88.36 84.01
89.48 87.97
67.09 66.74
8 5 .66 83.24
87.53 89.19
85-05 79.18
67.74 67.28
88.03 73.03

Tone
6
2
8
0
-10
4
2
4
4
10
- 8
4
4
6
0
10
12
8
4
-12
10
- 6
- 2
-12
4
12

Stress
Temp.
Right Left
72.33
83.94
73.62
88.84
72.68
91.10
83-97
91.28

68.06
85.03
87.32
92.74
82.53
77.36
72.62
71.33
80.14
87.21
89.48
90.38
67.56
82.97
87.68
87.65
66.86
86.78

74.30
84.33
73.60
87.97
73-53
90.80
84.61
90.52
68.10
85.55
89 .66
92.63
82.89
77.20
73.48
70.63
80.61
93.67
88.28
89.59

66.50

78.97

90.10

82.03

66.95
72.70

Tone
8
- 2
6
4
- 8
2
8
4
8
6
-12
8
- 2
8
8
8
12
-10
6
-12
6
- 2
- 2
-10
12
11
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Table 14
Summary ANOVA for Temperature
Change Scores
Source

df

Sex (A)
Trait (B)
A x B
Within
Condition (C)
A x C
B x C
A x B x C
C x Within
Hand (D)
A x D
B x D
A x B x D
D x Within
C x D
A x C x D
B x C x D
A x B x C x D
C x D x Within

1
1
1

60

1
1
1
1

60
1
1
1
1

60
1
1
1
1

60

MS
96.41
6.16
94.70
31.58
.08
1.52
.11
5.73
4.52

.16

.04
.54
3-98
1.88
.94
.01
.5^
.00
.44

F

P

3.05
.20
3.00

.09
•50
.09

.02
•3^
.02
1.27

•50
.50
.50
.27

.08
.02
.29
2.12

•50
.50
.50
.15

2.13
.03
1.21
very small

.15
.50
.28
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Table 15
Mean Skin Temperature Levels
For Left Handed Subjects
Conditions

Means

Adapt.

Right
Left

82.2
82.6

Relax o

Right
Left

81.3
82.3

Stress

Right
Left

80.7
81.6
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